a2 €

<t

3

)

op
10
i
(o o
v o/

z

~

ORIGINAL PAGE IS

1
S\

OE POOR QUALITY,

.86l ‘82 11ddV

J31N3ID HOUVISId STV VSVYN
337 'H AJdd43dr

“awI ) ;8A-§ B 10) paubisap 9q UBI S3USY uaBAxo pinby pue uaBoipiy pinby paseq-a3udg -Afojouylay
fRAQIP YB-3Y}j0-IR]S JUILRD Suisn paubisap 3q UBd rBAID WNYIY pinjpadns Aep 13d sco| ssew %10V 390D
puUR SWHI Jo oYl YA pasedwed 38 J1HIS JO I18) €50] ssew u3BoAid pus Jwnd i U3B0AII IY] "IRAID abwio,s ay)
pus AJ0RAIISGO0 Y] Y10Q 10 IWNI JI) ;RAID uaBoAsd uo joedw 113y) €S3$SB 0] pIZARUB I swasds poddns yue)
puR ‘33uBuL0 I d suoIBinsUl J2ABININWISPIIINS p31002-10deA “unjwIIdwa] []94$ 100 ‘reinonuud Ul "passnasp
318 3wiya jij ;emap uaBoAld 3seIIILL O} paunbai saiBojouy3a) ubisap {EINUI Y] AP afvicis ¢ jo asoy)

Y1 pasmdwos ase (414HIS "ajdwexd 10J) A10)BAII$Q0 UB JO $I1]SUAYIBIBYD 2susuuo uad pus ubisap ayj

10ovd1say

SISATVYNY TVYANHIHL ANY NDI1S3d
(41418) ALIMDOV 3d02S3AT131L A3HVHANI 3OVdS

°RECEDING PAGE BLANK NOT FiLMD

193

eacE [ T2 INCEMTIONALLY BLANK



ORIGINAL PAGE IS
OF POOR QUALITY,

- 2pow juawnisul, ayjul Bunesado s1JeAap ay) ‘A0N "pee|ieay JuaWwnisul 3y} 0} pasedwod
junowe Juedijiubicul ue o) Jeay aijicered reAIp 3y} 2INP21 PINOA AJJENJUIAD YIIYA JaybBiyfawosaq s1ajeimoy
Jodea Bunineal 2y “sasBIIIUI PBO| JR3Y JUIWNIISUI Y] S "Jeay onisered ay) Buianpal Agalay) ‘sainjeiadwa)
Pl3Iys pajood sodea ay) $3INP2J YIyA Acj)Jodea ay) Ul 3SBIIOUI UB AQ PISNED §1)122 )2 SIY |
‘junowe awes 3y AQ PeO| JRA Y JuB] [B10] 3Y]) ISLAIOUI JOU SIOP PBO| [RIY JUIWNIJSUI Y] Ul ISBIITUI UB 913 YA
reaap Bunesuadwoo-jlas v se Bungesado s1iioRAlasqo ay) “_apow abevios_ ayjuj (ydeib ut auif jeay dijisesed ou
ay] 0] anojdwise) apow juawnijsul_io {ydeib uy uoibai yejiwas) apow abuioys_ayyiayye ut sajesade Ajreaid4)
AloJRAI2§Q0 2y ) "JeAdp ay) apisul sjuawniisul ay) Aq pajedissip peojjeay 3y} isnl sl peoOjeay juUB) BIO)3Y] ‘N @
sleunjeiadwa) [|9ys J2]N0 JeA3P Y] 313y 9SBI [B3 P UR UL J0 ‘PO JBay JfjIsesed ouU SBY AJOJRAIISQD UR Jj

“Saldla reauydae pue ‘Suiqunid ‘susiyeinsus sadeinw ‘spoddns yue) a3y) Bis Jue) uabolia
34) 0jul YB3 yeay onisemd 3y} Ajuo jo s1e15U00 mAaap afivio}s © so) proj jRay yue) Rloy oy juejuaboius ay)
ojul ARoa.1p pajedissip [aY JUaWNNSUl Y] pUe Jeay J1jisered Y] Jo S1SISUO 2 PRO| [RaY JUE] [B10] 3 Y] "AJ0 oAt sqo
ue oy “yue)uabolid ay) ojul Bunyea] jeay Jysered ay) $)223)8 jjojloq WNIIY jo Junowre ay| “Jodea wniay
3yl Aq pagqiosqe sipeoj jeay ainpade Jo JUNOWE [RIURISQNS ¥ W3 ]SAS UOIJRINSUI 3Y] S8 ||3A st ‘|aueq 3d0Isa|a)
ay) ‘uone)s Juawnnsu wea v 1o) Buljoos sapoid wniay ay) wouy Adpyjus ay) “J1HIS S% Yons Al0)BAI3EqO

Ue Ul “JaAIA0H "wa)sAs UolRINSUI 3] |003 0] A]ajos pasn sl uaboius ayj wouj jjopoq ay) ‘Jemap abrio)s v uj

"Jue) uabioAsd aunua ay) s3s0|IuUI JeY) WISAS UOIRINSUI UR sBY Aj[ensh (7 “Jay) eAap abeio)s e ‘puey 1ayjo

A4 uQ "opaqe s ypel pue ‘Yyue] ‘ung ay) Woi) peoj jeay ay) aziwiLiw o) pasnbai Ajrensn s1 apeys ainpade

Uy “WajsAs UoIR|NSUl JRAIP Y] Ul B3IQ © SJuasaidal 3inpade Jajawelp 1313 Ww-| ay] "Juawysiuajdas uaboisd

U23Ajaq awna | ;eai-oaje aplaocid oy Buijood wnijay pinjuadns sasnbas jey) 2d0sa 2] ssep2 192w B 61 ‘| “Jay

- (414i1S) Anpoey adoasaja | pasesju) aaedg ay) ‘ajdurexa 104 "swa)sAs oa)ay)ysinbunsip yey) sainjeaj Juaims
[RJ3A2E AIR A1y | "uAOYS sl JeAIp IBvI0)s B pue (Wasde 3d0acafa)) A10jeAldsqo Ue Jo ajdumxa [eIIdA) v

JAON ONILVH3IdO AHOLVAHIS A0 ANV H¥YM3d 35vVHO1S

194



S311S1YTLOVEVYHI QYO 1VIH YANVL

Hym3aa
3DYHOLS
AHOLYAHISE0O - %
QYO L¥Y3H INJAWNHLSHI 0
<&
Hym3aa
1HY-3HL
A0 1Y IHNLYHIdWIL -u_o-m:;J

T13HS H31NO HO
1Y3H J11ISYHYd ON

;

GE IS
ALITY

ORIGIN AL PA;
POOR QU

OF

ayol 1v3H
ANYL

Y101l

dvMdd 39vdols

[ra—

e

IR (S 4

SEL oCTalL
2 I8 \l

L

P
T
2 g

S

/

S>..

............................

JAOW DNILYddd0O AHOLVAHISHO ANV HVMIQ IDVHOLS



R
<

X

ORIGINAL PAGE I§
OF POOR QUALITM

‘uBisep 4 1HIS 241 Ul pash AUaLIND afe (YIULZ (L JO PRALSUL HIE) SIA[RA PI0D
Jabre) pue [youn | 0) $4¢) saul JUaA 123 wep 12087 "2IURINPUOI Ao) WNWXBW 3 Jjo 0} pauliisap aq pinoys
wa)sAs juawabeurw pinyj semap ay) ‘jjo-do) pue WAGP|IYD Jue] J1qI0-Uo Joj paiinbas wiy ayjaziuuiw o

“Wwa)sAs uoiBjnSUl 22AR]Ijjh W 3] JO§ [eLI3 oW 3|PIPUBD
poob v £ j2u UoIJEP Jo J2U Njis SB YINnS Jaseds juawrejijoucw ¥ "adodsI|a] 3y} 3pisul ucljeulo) aejnoiyed
pue BuisseBino 3Ziwiulw 0] S[BLI3 JW UOIJRNSUI TBASD j0 92104 3] $3]8)21p JUawalinbai sando Aq uaAup jo)uUOD
uoiBUIWEUS ) -AjqWasse 2d0sa]a) PUB “UDITBULIO Jap [eULIYy] ‘SPEBO] [RlU3 WUOIAUR AQ pasned Judwubiesiw
[ein)ona)s uo JabBpng asussajo) 1461 asodun Ajfenen syuswannbai Ayenb abvw sondo s |j2A se ‘Bulasjs
pus Bunuiod AiojeAIasqO "paijsies aq o} s1 Juawalinbai Aipqe)s 2inyeiadway Ji juepodw 3wodaq pinod Ajigels
A0 ‘sjusuodwod ureyad oo o] Jjopoq usbiodss sy Aojdwa swasds 9d028219) 13430 “|0NUOD 2injeiodwa)
juabuuys saainbas yoiya wajshs adoIsaa) v Ul 1apisuod 0] 13)2wesed [Ba1d4) B §1 3JUBIINPUOD [RULIBY] Juler

-pe0| Jeay J1iswsed 3 Ziwiuiw 0] paanbal 250Y) 0) UORIPPE Ul s12)2wered ubisap 210w sTY AJ0JBAIISqO Y]

SH3I1IWVHYd NDIS3 A Ad)

196



XX ¥ X X X

X

X
X

X
X

Ad01v¥Ad3s4d0

dvm3dda 30vdol1s

TOHLINOOD INVYNINVYLINGD

SINJANDITVY TvdNLINdl1s

S1JVINOJ TVYWY3IHL

Savo1 1¥3H INJWNYLSNI

JAvHS 3dNlidddyY

440-d01 ‘NAMOAT1003 JNVL

(S1H0ddNS JNVL ‘SIHIM ‘SOA)
AJNIID1443 IONYHO X3 1Vv3aH

$1d0ddNS JNVL

SNOILVYINSNI d3AVIILTNA
ISAT13IHS A3T003-d0dVA

JHN1IvYd3adWN3L T13HS 431N0

SHILINVYHVd NDIS3IA AT

197



“SJUIBI}SUO0D 2WN|0A pue sseW ‘AJxa|dwod ‘1500

‘A)a fes Jsumebe aJen[ead aq pjnoys Buyood Amixne Buien Jo uoijdo ay) J3A3A0H "3JI0YI uaboAid uo Bupuadap
‘NGz 01521 U3aajaq 0] SDAQ fue) aBrI0]s Y] URBUTEW UBI IPIXOIP UCQIED 10 BlUDWWE PIjos ) 00 se ybiy se
sasnjesadwa) |jays 12)n0 YA syue) abeio)s uoie)s aoeds Jo4 “pasn uabodid jo adAyayjuo Buipuadap “abues
N 06 01S#H aY) Ui dunjeiadwa) SIAO AJOBAIISQO UB UIBJURW 0] Pash 3q PN0D IPIXOUO U0 qre) Jo ‘uabosyN
‘uobry ‘aueyjaw pijos se Yons uaboAid prenn "AloJBAIaSqo pazis-J|H|S ©Joj3Enbape Algeqold s1 3 02 1@ S1IBAm
S 0] § Jo Aj13eaded Buijood yya Joesabiujal eaweyIaw Y "asnjeladwa) 9y 42100 JeAdp ay) bulonpal se 030

s Ajenuassa sey Buijood Amijxne viA unjeiadway (SDHA Q) P131ys pajood jodea Jajno ay) jo uohonpay
"N 021 seAo]se 3aq 0] pajdipaid sjainyeiadwa) ||3Ys 13 no ay) ‘reAIp

$1140J p|31ys uns u se |aued Je[0S 3Y) ASN [IM 0S| IY]L "W 000 0H/WA 0001 e 23boduraabuad sy yia g0

reandiy2 Jnoy-z| v ul ajesado 1A (OS]) AlojRasacq O 20vdg pareyuay) “jured asuewa Y yBiy asueidiosqe

JRj0S A0| R YJLA PABOI SI||aYS JAJN0 JeA3p Y] A[IYA P3IYs [BULIIY] AAI}I3|Ja1 Ajybiy © apisul pajunow

siJemap 390D a3yl "jumrd ajyAa (10Z) 2jeUe)ijoy |0 JUIZ pUR UO|J3) PIZLI3A|IS 3IBUNE PUDIIS PISN 0S8 JRAIP

SvHI 24} Jo sped Jay10 TeA3p Y] Jo apIs J3Y]0 3Y) UO UDHRIPEI YIe] 2ZIWiuIW 0] UIxs el ue Butkojdwa apya

UNG ay] Woij IeA3p $)1 JO 2pIS 2UO XI0]q 0] s|aued Iejo s £)1 3SN 0] SYHI PIAGC|[e 1IgI0 SIY| "}IqI0 SNOUOIYIUAS
-uns wxy g6 B Ul pajeiado £g61 Ul payaune| sea yaiya (Sydl) 3113 1BS [BIIWOUONSY patelul 3y ]

TOHLNOD T¥YHY3IHL T13dHS H31NnO

198



OF POOR QUALITY]

INIVd 3LIHA ‘NO1431 a3Z14d3ATS 30V4dNS ANOJ3S -
SONILY0J/Sd01vIavd

(09 EHN a170S) $MNVL IDVHOLS

(02° °N “1v* YHD a110s) s31401vAYISa0
NIDOAUD AUVND -

(AHOLVYAYHISIO0) M0 IVSLIVM S 01 ¥ - SHO1vdIDIY43d TYIINVHIIW -
SOAO 404 DNITO0D AGVITIXNY

(M261=1) 1HIMS HLYVY3

(Mosi=1) !
STINVd HY10S Svdl

(Mo0zL=1)
d13IHS TYWY3IHL 39090

a13IHS NNS 08§l

TOHINOD TVAHIHL T1dHS H31NO

SdAvHS

(@)

]



ORIGINAL PAGE I8
OE POOR QUALITY

"papuIWWO23L §1 Bul)sa) 20w ‘340 §219y) ‘ucibal ainjriadwa) A0| ay) ul 3|qe|rRAR BJBP 153) TN A2 AI2A 28
I3y "U3II P 1R [apOW Y Ul pIWNSSE PUR 1$3) AY) UI PaSh S3IISUIP JaAke] ay) ‘os[y "Jojdej Buinquiuoae
3Q ABW € # [9pOH Ul pIWNESE PUB 53] 3] Ul S190BdS $B PISN SI9AB| JaU IS JO JOQWNU 3Y) U1 I2UIIIJJIPp a4 | "2 0}
S'1 J0 10738 ® Aq BIRp 3 Y] §)21paIdIaA0 ¢ 2 [9PO “JURIjIUBIS 2W023q 0] SPEIS UOLIINPUSD T} 313YA Y 00| A0jag
ST1 JodoyovjB ulyA o) (e 13 1913 4) £ 2 9P O YA Juawaaibe pool moys ) 9| uey) 9 8216 sainjeiadwa)
e eep ay) (2 "Jay) X 0§ se A0) seainyeiadwajArepuncg plod YA 13 4913 WUO eI YUR) J3YIFG] B UO
paseq sl aue ajiya (g9 s "Jay) s1s3) 1212 wuoed aye|d Jv)) Uo paseq 21e clapow 3say) Jo oA "(NSIWVQ) s12oeds
S8 AU J|Is Jo sJaA®| 0A] YA JRAW PAZIUIWNIB-3[qNOP 3Y]J0) I S[apOW I91Y)I1ayjo ay] "§)|nsal 3] 3907 puUe
SVHI YilA pajepifes pus pasn seA(p “Jay]) |apow (NQIKY Q) $4298d6 12U U0IIBP YA TRAW PIZIUIWAE-2[QROP Iy )
"ydeib ayj urumoys ase s|apow [ Ino4 (9 jay) re 127133 Aq pasodosd j3pow 3y} Buisn sanea Ajla1)onpuo?
[euUdy) oJul Bjep Xn|j JBay 3y) Burpaauo s saye ¢ “jay wolj paure)qo ase ydeub ay) uo umoys Bjep ay|

ST13dOM NOILIYTINSNI HIAVIILINA

200



MULTILAYER INSULATION MODELS
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100 10! 103
TEMPERATURE (K)
LEGEND:
1. DAMIDN (8 TO 12 layersicm). Used in IRAS and COBE - Ref. 4
2. DAMI2 layers silk net (20 llcm). Flat plate calorimeter test (77 K!300 K)
- Ref. 5
3. DAMI2 layers silk net (15 Ilcm). Flat plate calorimeter test (Tc = 17 K)
- Ref. 6
4. DAMI2 layers silk net (15 llcm). 15 L tank calorimeter test
(S0 K33 K, 55KI295K) - Ref. 7
S

. Data extrapolated from Ref. 3, 15 L tank calorimeter test (T_=4K T(: = 77K)

DAMISN C ’
O 1 layer silk net (12.4 llcm)

| 3 layers silk net (11.5 llcm])
- 3 layers silk net (16.4 Ncm)
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PARASITIC HEAT FROM TANK SUPPORTS AND MLI
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LIFETIME (YEARS)

2.02

225

2353

289

3.37

TENSION STRAPS OR PODS SIZING BASED ON 20 HZ ORBIT
AND 35 HZ LAUNCH RESONANCE (FREQUENCY DOMINATED)

TOTAL TANK HEAT LOAD (mYY)

SIRTF DEWAR PERFORMANCE

(4000 L SFHE)
200

180 4

160 -

140 -
\HO PARASITICS

INSTRUMENT HEAT LOAD (m¥Y)

TENSION STRAPS SIZING BASED ON 10 HZ ORBIT
AND LAUNCH RESONANCE (FATIGUE DOMINATED)

210 K OUTER SHELL TEMPERATURE

SIRTF OPERATING IN STORAGE MODE FOR INSTRUMENT

HEAT LOAD LESS THAN 100 mw
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SIRTF DEWAR PERFORMANCE
(TENSION STRAPS YS. PODS 1V)

(® STRENGTH LIMITED
65 —— TENSION STRAPS
——— PODS IV

1

6.0

FIBERGLASS—;/
55

HELIUM LOSS RATE (mg/s)

50

LI L L B L

[ U T U N TR T | | [ TR W MO WO O WK U M B
20 25 30 35

—
(8)}

LAUNCH FREQUENCY (Hz)

(Reproduced from Ref. 15, with permission from authors)

HELIUM LOSS RATE 1S 17% HIGHER FOR STRAPS IF SIRTF
1S FREQUENCY LIMITED (35 HZ LAUNCH AND 20 HZ ORBIT)

HELIUM LOSS RATE IS 6% HIGHER FOR PODS IF SIRTF IS
STRENGTH LIMITED {10 HZ LAUNCH AND ORBIT)

MINIMAL DIFFERENCE IN SIRTF PERFORMANCE IF
ALUMINA/EPOXY 1S USED IN BOTH STRAPS AND PODS

ALUMINAJEPOXY INSTEAD OF FIBERGLASS STRAPS OFFER
SIGNIFICANT PERFORMANCE IMPROYEMENT IN A FREQUENCY
LIMITED SYSTEM
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SPEAKER: JEFFREY H, LEE/AMES RESEARCH CENTER:
David DeFelice/Lewis Research Center:

I was wondering if you could tell me what are the consequences of missing one
of the servicings of liquid helium? Does that damage the instruments, or does it
just cause a loss of capability until you can go back and service it with liquid
helium?

Lee:

Ball and Lockheed just completed studies for us, called the STICCR studies.
STICCR stands for SIRTIF Telescope Instrument Changeout and Cryogen
Replenishment. We looked at two cases; one is cold transfer where the tank is
still cold, and we found out how much helium is needed to top off the tank. In
the other case, the filling of the warm tank initially at either 300 or 150

degrees Kelvin, and that takes 30 to 50 hours to cool the SIRTIF down, and you
use up a lot more helium. In terms of the instruments, right now, they plan to
put an adiabatic demat refrigerator in there. I don’t think they like to let this
refrigerator run warm. Thus, there is more concern with the effects of warming
up the refrigerator than there is with interupting the cooling to the instruments.

Peter Mason/Jet Propulsion Laboratory:

I noticed that you are using a figure of 10 Hertz as the launch resonance
requirement; the normal requirement on the shuttle is 25 Hertz. Can you explain
why you feel you can manage with the 10 Hertz structural resonance?

Lee:

Did you say it is 25 Hertz or 35?7

Mason:

I believe the shuttle now is 25.

Lee:

Before I used 35 hertz.

Mason:

That was the IRAS requirement for a Delta launch; the shuttle currently has a
25 Hertz requirement.

Lee:

I guess I am not familiar with that. The launch frequency I came up with was
from JSC 00700. The handbook shows that you have to look at the mass and
damping ratio of the payload, and that gives us 6 Hertz, but we talked to JSC
and they told us that we had to avoid that transient. I am not aware that there
is a minimum 25 Hertz/frequency.

Mason:

That was imposed on us, at least on Space Lab 2.
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Lee:

COBE designed their tank to make it fatigue limited. They oversized the straps a
little bit. The frequency came out to be 29 Hertz. I talked to Dick Hopkins
who told me that the frequency certainly wasn’t the criteria used for design.

Mason:

I noticed that you said ISO is going to have a 120K outer shell temperature. Is
that because of the orbit?

Lee:

It is because of the orbit; the apogee is 40,000 kilometers and the perigee is
4,000 kilometers, so you have a lot of cooling due to radiation to space.

Hugh Arif/Analex Corporation--Lewis Research Center:

When you based your criteria for designing the tension straps on frequency
rather than buckling, the different numbers for frequency that you obtained were
around 10, 25, and 35; are those frequencies for the entire payload, or did you
design each tension strap for that frequency?

Lee:

We have a set of twelve straps or PODS, which stands for Passive Orbital
Disconnect Struts. Basically, we look at the first fundamental mode of the
dewar and telescope. The first mode could be the axial mode, so it is the
system frequency, but it could be dominated by the strap characteristics.

Arif:

If you were designing a strap for a particular frequency, you would have to have
a quite high frequency for that strap so that when all the different components
are added the entire payload would have a lower 35 Hertz frequency.

Lee:

From the PODS study, managed by Peter Kittel, the PODS frequency by itself is
more than 120 Hertz. When you put twelve of them together, it is the other
system masses that dominated and not the straps.

Bob Rudlin/Martin Marietta Denver Aerospace:

I was curious how you picked the 1.85 degree Kelvin. You can operate over
quite a wide range apparently from 1.5 up to about 1.9. How did you arrive at
1.85?

Lee:

There is no magic to it, but in order to achieve the desired temperature you
have to be careful in designing your plumbing. On IRAS the flow meter limited
the temperature to 1.8 degrees Kelvin; we established that first. On COBE, they
designed to operate at 1.6 degrees Kelvin, but they don’t use a flow meter. I
guess that the scientists want to operate at as low a temperature as possible.
They want to stay near 1.5 or 1.4 degrees Kelvin if they can. That means we
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have to design the plumbing to use a bigger size vent line. The bath
temperature depends on the vapor pressure -over the bath, and that is determined
by the size of the vacuum tubing.

Rudlin:

Concerning the porous plug apparently used on the infrared telescope; there was
concern that they had liquid coming out through the porous plug. Do you have
any problems like that?

Lee:

We haven’t got to the stage of developing a porous plug yet. Right now, we are
still doing paper studies.
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